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1. Introduction
The Minimal Supersymmetric Standard Model (MSSM)
Superpartners for Standard Model particles
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Enlarged Higgs sector: Two Higgs doublets
Problem in the MSSM: many scales
⇒ 105 parameters
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Enlarged Higgs sector: Two Higgs doublets
H1 =

 H11
H21

 =
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 v1+ (φ1+ iχ1)/
√
2
φ−1
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 H12
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+
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V = m21H1H¯1+m
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2H2H¯2 −m212(ǫabHa1Hb2+h.c.)
+
g′2+ g2
8︸ ︷︷ ︸
(H1H¯1 −H2H¯2)2+
g2
2︸︷︷︸
|H1H¯2|2
gauge couplings, in contrast to SM
physical states: h0, H0, A0, H±
Goldstone bosons: G0, G±
Input parameters: (to be determined experimentally)
tanβ =
v2
v1
, M2A = −m212(tanβ + cotβ )
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A. Unconstrained models (MSSM):
agnostic about how SUSY breaking is achieved
no particular SUSY breaking mechanism assumed, parameterization of
possible soft SUSY-breaking terms
⇒ relations between dimensionless couplings unchanged
no quadratic divergences
most general case:
⇒ 105 new parameters: masses, mixing angles, phases
B. Constrained models (CMSSM, GMSB, AMSB, . . . ):
assumption on the scenario that achieves spontaneous SUSY breaking
⇒ prediction for soft SUSY-breaking terms
in terms of small set of parameters
Experimental determination of SUSY parameters
⇒ Patterns of SUSY breaking
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The models: 1.) CMSSM (or mSUGRA):
⇒ Scenario characterized by
m0, m1/2, A0, tanβ, signµ
m0 : universal scalar mass parameter
m1/2 : universal gaugino mass parameter
A0 : universal trilinear coupling


at the GUT scale
tanβ : ratio of Higgs vacuum expectation values
sign(µ) : sign of supersymmetric Higgs parameter
⇒ particle spectra from renormalization group running to weak scale
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“Typical” CMSSM scenario
(SPS 1a benchmark scenario):
SPS home page:
www.ippp.dur.ac.uk/∼georg/sps
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The models: 2.) (minimal) gauge mediated SUSY breaking: mGMSB
GMSB scenario characterized by
Mmess, Nmess,Λ, tanβ, sign(µ)
Mmess: messenger mass scale
Nmess: messenger index (number of messenger multiplets)
Λ = 〈F 〉/Mmess: universal soft SUSY breaking mass scale
felt by low-energy sector
LSP is always the gravitino
next-to-lightest SUSY particle (NLSP): χ˜01 or τ˜1
can decay into LSP inside or outside the detector
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GMSB scenario with τ˜ NLSP
(SPS 7 benchmark scenario):
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The models: 3.) (minimal) anomaly mediated SUSY breaking: mAMSB
Parameters:
maux,m0, tanβ, sign(µ)
SPS9:
typical feature: very small
neutralino–chargino mass
difference
⇒ χ˜±1 → χ˜01+ π±
with very soft pions
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Higgs couplings, tree level:
ghV V = sin(β − α) gSMHV V , V =W±, Z
ghb¯b = −
sinα
cosβ
gSM
Hb¯b
Leading higher-order corrections:
α→ αeff
Older analyses:
The light Higgs, h, in the CMSSM, mGMSB, mAMSB is SM-like
[J. Ellis, S.H., K. Olive, G. Weiglein ’01]
[S. Ambrosanio, A. Dedes, S.H., S. Su, G. Weiglein ’01]
There is one exception . . .
. . . more later!
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Search for the Standard Model Higgs at LEP: [LEP Higgs WG ’03]
Dominant production process:
e+e− → ZH:
e−
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H
Z
Dominant decay process: H → b¯b
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Exclusion limit, 95% C.L.: MH > 114.4 GeV (expected: 115.3 GeV)
⇒ applicable in CMSSM, mGMSB, mAMSB
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Search for the low-mass SM Higgs at the Tevatron:
Production mode as at LEP:
q
q¯′
W
H
W
q
q¯
Z
H
Z
Dominant decays:
b
b¯
H
⇒ applicable in CMSSM, mGMSB, mAMSB
Sven Heinemeyer, HDays10 (Santander), 13.10.2010 12
Expectations for Higgs discovery at the Tevatron:
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Old slide from a few years ago:
Tevatron MSSM Higgs searches (I): Search for a “SM-like” light Higgs:
Prediction in “simplified” versions of the MSSM:
(mexpt = 172.5 GeV, δm
exp
t = 2.3 GeV, MSUSY <∼ few TeV)
[A. Dedes, S.H., S. Su, G. Weiglein ’03] [S.H., W. Hollik, G. Weiglein ’04,’05]
max. mh [GeV] δmh/δmt for m
exp
t +2δmt
mSUGRA/CMSSM 125.5 0.65 128.5
mGMSB 119.9 0.70 123.1
mAMSB 121.4 0.58 124.1
Exclusion potential of the Tevatron: MSMH
<∼ 130 GeV
mSUGRA/CMSSM, mGMSB, mAMSB: no suppression of hV V coupling
⇒ SM bound applies
⇒ Tevatron can exclude mSUGRA/CMSSM, mGMSB, mAMSB, . . .
⇒ potentially huge impact on search strategies at LHC
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Real performance compared with expectations: b tagger . . .
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Real performance compared with expectations: b tagger . . .
Re-evaluation of Tevatron
exclusion potential via Higgs
searches necessary!
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2. Analysis
Idea at HDays09:
− Use RGE code to generate low-energy spectra
in CMSSM, mGMSB, mAMSB
SoftSUSY
[B. Allanach ’02 - ’10]
− Use code for MSSM Higgs predictions
FeynHiggs
[T. Hahn, S.H., W. Hollik, H. Rzehak, G. Weiglein ’98 - ’10]
− Use existing analysis technique by
[P. Draper, T. Liu, C. Wagner ’09]
to re-evaluate the Tevatron potential
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Existing analysis technique: “naive combination”
⇒ agrees well with CDF combination [P. Draper, T. Liu, C. Wagner ’09]
⇒ starting point: expectations for 03/2009
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Assumptions about Tevatron running scenarios:
1.) running of the Tevatron:
− running till 2011: 10 fb−1
− running till 2014: 16 fb−1
⇒ improvements with √L
2.) efficiency of analysis:
− efficiency as in 03/2009
− efficiency 50% better as in 03/2009
⇒ 10% already achieved
⇒ included (effectively) via “higher L”
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Assumptions about Tevatron running scenarios:
1.) running of the Tevatron:
− running till 2011: 10 fb−1
− running till 2014: 16 fb−1 ⇐ is it worth to extend the run?
⇒ improvements with √L
2.) efficiency of analysis:
− efficiency as in 03/2009
− efficiency 50% better as in 03/2009
⇒ 10% already achieved
⇒ included (effectively) via “higher L”
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Examples for future luminosity/efficiency improvements:
[P. Draper, T. Liu, C. Wagner ’09]
⇒ good prospects for MSSM Higgs searches
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3. Results
We show:
− 10 fb−1 with 10% improvement
− 10 fb−1 with 50% improvement
− 16 fb−1 with minimum improvement to cover everything (nearly . . . )
⇒ result scale mainly with Mh
top quark mass:
analyzed: mt = 173.1± (2× 1.3) GeV
shown: mt = 173.1 GeV
Theory uncertainty in Mh:
smaller than in the unconstrained MSSM: 1.5− 2 GeV
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CMSSM:
50 GeV ≤ m0 ≤ 2 TeV
50 GeV ≤ m1/2 ≤ 2 TeV
−3 TeV ≤ A0 ≤ 3 TeV
1.5 ≤ tanβ ≤ 60
maximum Mh: 126 GeV
δMh/δmt: 0.65
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CMSSM, 10 fb−1:
⇒ 10 fb−1 are not enough to cover the whole parameter space
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CMSSM, 16 fb−1, 30% improvement:
⇒ full CMSSM covered
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mGMSB:
10 TeV ≤ Λ ≤ 200 TeV
Λ ≤Mmess ≤ 105 × Λ
1 ≤ Nmess ≤ 8
1.5 ≤ tanβ ≤ 60
maximum Mh: 123 GeV
δMh/δmt: 0.7
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mGMSB, 10 fb−1:
⇒ 10 fb−1 are not enough to cover the whole parameter space
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mGMSB, 16 fb−1, 25% improvement:
⇒ full mGMSB covered
Sven Heinemeyer, HDays10 (Santander), 13.10.2010 26
mAMSB:
0 ≤ m0 ≤ 2 TeV
20 TeV ≤Maux ≤ 100 TeV
1.5 ≤ tanβ ≤ 60
maximum Mh: 121 GeV
δMh/δmt: 0.58
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mAMSB, 10 fb−1:
⇒ 10 fb−1 are nearly enough to cover the whole parameter space
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mAMSB, 16 fb−1, 15% improvement:
⇒ full mAMSB covered nearly . . .
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mAMSB: “surviving points”:
⇒ at the boundary of large MA and tanβ:
h→ χ˜01χ˜01
opens up!
⇒ not accessible at the Tevatron!?
Any ideas?
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4. Conclusinos
• Tevatron performance in low mass Higgs searches ∼ 3 “worse”
than originally anticipated (b-tagger . . . )
• Two running options: - 2011: 10 fb−1, - 2014: 16 fb−1
• Improvement in efficiency: 10% realized; 50% possible?
• Analysis of CMSSM, mGMSB, mAMSB
• − RGE running: SoftSUSY
− Low energy evaluation: FeynHiggs
• (Nearly) full coverage of the models:
CMSSM: 16 fb−1, 30% improvement
mGMSB: 16 fb−1, 25% improvement
mAMSB: 16 fb−1, 15% improvement or 10 fb−1, 50% improvement
• Only in mAMSB some points escape due to h→ χ˜01χ˜01
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Back-up
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